gmphkly &ermined stroke vdamc (r = 0.88, shadad error of estinmte, 211 ml) better tbaa tbe 9.hK for stroLe vdruac derived from canventioad eclmamb graphic form* Since these calculated volumes may differ from the absolute volumes, substantial errors in determining stroke volumes and ejection fractions may occur, particularly if the calculated end-diastolic and endsystolic volumes deviate from the true volumes in opposite directions. Regardless of the formulae used to convert dimensions into volumes, ejection fraction is directly related to the extent of shortening of the echocardis graphic left ventricular diameter. This study was de- 
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or by the "squaren method. In contrast, lower correlation coefficients and greater standard errors were observed between the three conventional methods tested and angiographic ejection fraction ( Table 2 ) .
The method of Fortuin et ale had the additional problem of end-systolic volumes of zero whenever the end-systolic diameter was 2.55 cm or less, resulting in a calculated ejection fraction of 100 percent In comparison with angiographic values, the echocarddiographic ejection fraction calculated as %AD X 1.7 was underestimated by 6 percent or more in five ( 19 percent ) of the 27 patients without valvular regurgitation but in only one ( 7 percent) of the 15 patients with valvular regurgitation (the values remaining within the normal range of 51 percent or greater in all six patients). In contrast, ejection fraction was overestimated by 6 percent or more in nine (60 percent) of 15 patients with valvular regurgitation but in only three (11 percent) of 27 patients without it. In five of these 12 patients (four of whom had valvular regurgitation), the degree of overestimation resulted in a normal echoaudiographic ejection fraction in the presence of a reduced angiographic ejection fraction. These data suggest a tendency for overestimation of ejection fraction by the echocardiographic method in the presence of valvular regurgitation.
In 27 patients without valvular regurgitation, the end-diastolic left ventricular diameter ranged from t Figure 2 ( r = 0.89; SEE, *33 ml ) .
NO VALVULAR REGURGITATION 0 VALVULAR REGURGITATION
Stroke volume calculated as the product o f EDV (50Dd -98) times EF (%AD X 1.7) compared well with angiographic stroke volume (Fig 3) throughout all of the range of end-diastolic diameter ( r = 0.88; SEE, +I1 ml ), including the extremes, ie, end-diastolic diameter less than 4.5 cm or greater than 5.7 cm ( r = 0.88; SEE, +9 ml). Similar good results ( r = 0.87) were observed when the stroke volume was calculated as end-diastolic volume times %AD? The other three oonventional methods tested showed considerably less accuracy in estimating angiographic stroke volume than end-diastolic volume times ejection fraction, particularly with left ventricular dimensions less than 4.5 cm or greater than 5.7 cm (Table2).
In the present study an excellent correlation between echmdiographic measurements of %AD range, 3.8 to 5.0 a n ) . A regression equation converting enddiastolic diameter into enddiastolic vdume was derived using only echcadiographic and angiographic data from patients without valvular regurgitation. This was done so that the reliability of the angiographic data (the 'gold standard") could be ensured by comparison with the cardiac output determined by Fick's equation, and it also provided us with a separate group of patients with valvular regurgitation in whom the equation could be tested prospectively. As seen in Figure 2 , the equation approximated angiographic end-diastolic volume with a standard error of *33 ml. Data from patients with valvular regurgitation appear to follow the same general distribution as those from the others.
Overestimation of end-diastolic volume in excess of 50 ml was not seen in any patient, and underestimation by 50 ml or more was observed in only four patients, three of whom had valvular regurgitation; however, a difference of 20 to 45 ml between calculated and angiographic end-diastolic volumes was frequently observed. Thus, in most instances the regression equation provided only an approximation of the true end-diastolic volume.
Stroke volume calculated as the product of enddiastolic volume times ejection fraction correlated with angiographic stroke volume better than the other m e t . tested (higher correlation d c i e n t and smaller standard error), its accuracy being similar throughout the entire range of end-diastolic left ventricular dimensions (3.7 to 8.2 cm). In contrast, the conventional methods showed considerable d e viation from the angiographic standard, particularly with ventricular dimensions less than 4.5 cm or greater than 5.7 cm. In spite of the improved accuracy, measurements of stroke volume as end-diastolic volume times ejection fraction provided only a gross estimate of cardiac output. As seen in Figure 3 , in certain patients the difference between echocardiographic and angiographic values was greater than 15 ml, a discrepancy which leads to an e m r in excess of 1,000 ml in cardiac output at average heart rates.
The improved results of our method compared to the others tested could, in part, be due to the design of the study, since in some of the patients, the enddiastolic volume was calculated with an equation derived from their own data. Nevextheless, it is unlikely that this may have played a major role in improving accuracy of stroke volume for the following reason: end-diastolic volume was calculated prospectively in patients with valvular regurgitation; the accuracy of stroke volume in these patients was as good as in the group without valvular regurgittation. However, the use of an equation for end-diastolic volume derived at our laboratory may have been an important determinant of the improved results, since there may be some variability between laboratories in techniques of echocardiographic and angiographic measurements. Because of this variability, it may be advisable for laboratories having access to accurate volume angiography to develop their own formula for calculating enddiastolic volume from end-diastolic diameter.
In conclusion, ejection fraction may be derived directly from %AD, thereby eliminating the errors associated with converting dimensions into volumes.
